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In the present photoemission spectra, the energy resolution was limited to 45 meV. In order to capture the physical processes correctly, convolution and/or deconvolution analysis of the observed photoemission spectra is necessary in some cases. In order to quantify the excess energies of hot electrons accurately, it is important to determine the energy location of the conduction band minimum (CBM) in the observed photoemission spectra, plotted as a function of electron energy referenced with the work function of the analyzer. Here we describe the convolution analysis of the photoemission spectra to determine the energy of the CBM and carrier densities [Ref. S1] .
Because of the small band-gap energy of InSb, electrons are thermally injected near the CBM with a significant density at 293 K. This is evidenced by a relatively intense photoemission before t=0 as seen in Figs. 1 and 2 (a). The intrinsic carrier concentration in InSb is 2.0x10 16 cm -3 in a literature [Ref.S2] . Since the effective mass of the CBM is 0.013m 0 , m 0 being the electron rest mass, this concentration can bring the Fermi level E F up to near the CBM; the classical Boltzmann distribution function may not be justified to describe electron distributions. Therefore, we use Fermi distribution function to describe electron distributions in the parabolic band with the effective mass of 0.013m 0 . Then, the electron distribution (e) is given by
where A is a constant, e is the energy above the CBM, T  is the electron temperature, and k B is the Boltzmann constant.
In Fig. S1 , the green curve is the angle-integrated emission spectrum measured at t=-0.5 ps.
The spectral shape remains unchanged for measurements at any t's ranging from -5 to -0.2 ps,
showing that the electron distribution is in a steady state in the temporal domain. We fit the photoemission spectrum at t=-0.5 ps to Eqn. (S1), using convolution procedure with our finite energy resolution of 45 meV. As shown by thin solid curve, the spectral shape can be fitted well by the function with E F =0 eV and T e =300 K, with the energy position of the CBM at 0.32 eV. The electron density calculated by integrating Eqn.(S1) is 3.0 x10 16 cm -3 , a little larger than the literature value. We presume that the larger value comes from the present experimental conditions of repetition rate of 76 MHz of pump laser pulses; the pump-pulse interval is 13 ns. This interval may not be long enough for the electronic system photoexcited by a preceding pulse to recover completely thermally equilibrated state.
In Fig.S1 , the red curve is the photoemission spectrum measured at t=6 ps, where we have the maximum intensity of the photoemission peak from electrons near the CBM. The spectrum can be fitted by Eqn.(S1) with E F =0.08 eV above the CBM and T e =700 K. The corresponding electron density is 1.7x10 17 cm -3 , giving the same value determined by the ratio of the integrated photoemission intensity shown in Fig.2 (a) .
Temporal resolution and analysis of population-decay dynamics
The temporal resolution in the present experiments is limited by temporal widths of pump and probe pulses. For the laser system including regenerative amplifier and optical parametric amplifier (OPA), we used OPA output as the pump and the third harmonic of the 790-nm fundamental beam as the probe. The temporal width of the OPA output was determined to be 50 fs of the full width at half maxima (FWHM) by measuring auto-correlation trace. Based on this value, the system temporal resolution was calibrated using Si(100) surfaces, where the image-potential-induced surface state has been observed at 0.72 eV below the vacuum level, or 4.80 eV above the occupied surface state often abbreviated as D up [S3] . The third harmonic is still off-resonant by 100 meV from the resonant excitation from D up to the image-potential state. Therefore, we approximated that the two-photon photoemission signal from Si(100) surfaces by 4.70-eV and OPA output pulses may serve as cross-correlation trace. The curve, labeled "CC" in Fig. 3(a) , displays the two-photon photoemission signal from Si(100) surfaces, and it gives 82 fs of the full width at half maxima, and its maximum defines zero delay.
As seen in Fig.3(a) , we can practically determine the decay time of photoemission intensity by taking the slope in the semi-logarithmic plot of the intensity as a function of time for temporal domains where overlap between pump and probe pulses can be neglected; it is for t>150 fs in the case of Fig.3 . In order to determine more accurately the shorter decay times of hot electrons and to have full analysis including rise times of the photoemission signals, we used the optical Bloch equation as in Ref. S4 .
The semiconductor Bloch equations certainly provide a suitable theoretical framework for analyzing optical properties of semiconductors [S5] . However, the equations have to be supplemented with an appropriate treatment of the complicated scattering terms involved in pulse excited semiconductors. Unfortunately, under the present temporal and energy resolutions of the measurements, we were unable to obtain the details of the complicated scattering processes, so that thorough analysis of the results using the semiconductor Bloch equations is not possible.
In the present time-resolved photoemission spectroscopy, we need to introduce three levels as shown in the inset of Fig.S2 ; state 1 and 2 are the ground and excited states of InSb, and state 3 is the final state for the photoemission. Thorough description of the optical Bloch equation for a three level system has been given in Refs. S6 and S7. In contrast to pure two-photon photoemission processes considered in Refs. S5 and S6, in which excited-state continuums act as the intermediate state, we are observing the dipole-allowed transitions from the heavy hole, light hole, and sprit-off valence bands to the conduction band under resonance conditions between states 1 and 2 .
Also, in the photoionization process from 2 , which is a bulk excited state, into the final state 3 , which is a strongly bulk-decoupled vacuum state (the inverse LEED state), coherent couplings between states 2 and 3 may be weak. Therefore, we may decouple the photoionization step from 2 to 3 from the three-level system, and describe the interaction between states 1 and Guided by the magnitude of T 1 estimated from the semi-logarithmic plot, fitting procedures are rather unique; a typical result of the analysis is shown in Fig.S2 . In Fig. 3(a) , the results of the analysis are compared with experimental results. Surprisingly, reasonable fits can be obtained for the case of T * =0, so that the polarization dephasing is governed predominantly by the population loss of the state in the present case. 
